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(54) Aqueous poh/urethane com- 
position and method of preparing 
composite sheet material there- 
from 

(B7) An aqueous polyurethane com- 
position capable of coagulation by 
the application of best thereto com- 
prises an equeous polyurethane dis- 
persion having anionic groups coya- 
lently bonded to the polymer chain 
and solubillsed by the addition of a 
cationic compound which forms a 
salt with the anionic group. The- 
polyurethane composition also in- 
cludes a compound which, when 
heated in an aqueous solution, gen- 



erates acid which causes displace- 
ment of the cationic compound 
from the covalently bonded anionic 
groups. The compound is suitably 
sodium or potassium silicofluoride. 
The polyurethane composition may 
additionally or alternatively com- 
prise an amount of borax to stabil- 
ise the pH of the polyurethane dis- 
persion. 

A composite sheet material Is 
formed by Impregnating a porous 
substrate with the polyurethane 
composition and heating the porous 
substrate to generate acid causing 
coagulation of the polyurethane dis- 
persion in the porous sheet mate- 
rial. The impregnated substrate ts 
then dried. The substrate may be a 
woven or norvwoven fabric, a need- 
led batt, a spun-bonded sheet or a 
waterleave. 
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SPECIFICATION 

Aqueous polyurethane composition, method 
of preparing composite sheet material 
5 therefrom and composite sheet material 
prepared thereby 

This Invention relates to aqueous polyurethane 
compositions, to methods of preparing com- 
10 posrte sheet material therefrom and to com- 
posite sheet material prepared thereby. 

Resin impregnated sheet materials such as 
cloth, batts, waterleaves and the like are well- 
known. These resin impregnated sheet materl- 
15 als ere useful for a number of purposes in- 
eluding imitation leather in the form of vinyls 
and the like, structural sheet materials such as 
conveyor belts and similar products. 
Known methods of impregnating a perticu- 
20 lar web involve the impregnation or coating of 
a porous material with a polymeric resin such 
as a polyurethane, vinyl or a similar matenal. 
Polyurethanes have met with wide acceptance 
as a coating or impregnating. composition due 
25 to their capability of wide variation in chemi- 
cal and physical properties, parttcuLariy their 
flexibility and chemical resistance. Several 
techniques have been employed to impreg- 
nate the porous sheet material with a poly- 
30 meric resin. One such technique involves the 
use of a polymeric resin in an organic solvent 
system wherein the sheet material is dipped in 
the solution and the solvent Is removed there- 
from. These solvent systems are undesirable 
35 since the solvent, in many cases, is toxic and 
must either be recovered for reuse or be 
discarded. These solvent systems are expen- 
sive and do not necessarily provide a desirable 
product since upon evaporation of the solvent 
40 from the impregnated porous sheet matenal, 
the rssln tends to migrate to provide a non- 
homogenous impregnation of the porous 
sheet material resulting in resin richness to- 
ward the surface of the sheet material rather 
45 than uniform Impregnation. 

In order to alleviate the problems with sol- 
vent systems, certain aqueous polymeric sys- 
tems have been proposed. In forming impreg- 
nated sheet materials by Impregnation with 
60 aqueous polymers the aqueous portion must 
be removed. Heat is required for thta and 
migration of the polymer to the surface of the 
impregnated sheet material is encountered. 
In one method of combining polurethane 
55 solutions with porous substrates a polymer is 
applied m en organic solvent to a substrate, 
such as a needle punched polyester batt. The 
polymer-substrate composite Is subsequently 
bathed with a mixture of organic solvent for 
60 the polymer and a non-solvent for the polymer 
that Is at least partially misctble with the 
solvent until the layer is coagulated into a 
cellular structure of Interconnected micro- 
pores. The solvent Is removed from the coat- 
65 Ing layer along with the non-solvent to pro- 



duce a solvent free microporous layer. Al- 
though this process yields a«xeptab1e proper- 
ties for e poryurethane Impregnated fabric it 
has the disadvantage of an organic solvent 
70 system particularly when high performance 
polyurethanes are utilised which require rela- 
tively toxic and high boiling solvents. An 
example of this method is disclosed in U.S. 
Patent Specrflctation No. 3 208 876. 
75 In another method, polyurethane. disper- 
sions in organic vehicles have been proposed 
and used to coat porous substrates such as is 
disclosed in U.S. Patent Specification No. 3 
100 721 . In this system a solution is applied 
80 to a substrate and coagulated by further addi- 
tion of a non-solvent for the polymer. Al- 
though this approach has been used with 
some success, it involves two major limita- 
tions: (1) the vehicle of the solution te sub ' 
85 stantlally organic since relatively small 

amounts of non-solvent, preferably water, are 
needed to form a dispersion; and (2) there is a 
narrow useful range of edded non-solvent so 
that reproducible results are difficult to obtain. 
90 One particularly useful method of preparing 
composite sheet material by impregnating a 
porous substrate Is disclosed in U.S. Patent 
Specification No. 4 171 391. In this system a 
porous sheet material is impregnated with an 
95 aqueous ionic dispersion of a polyurethane 
and the impragnant is coagulated therein. The 
impregnated sheet material is then dried to 
form a composite sheet material. 
In one Improvement over the method dis- 
100 closed in U.S. Patent Specification No. 4 171 
391, fibrous needled batts are fully impreg- 
nated with a polyurethane dispersion and co- 
agulated by dipping the Impregnant in an 
aqueous solution of acid such as acetic acid, 
105 This Improved method is more fully disclosed 
. In British Patent Specification No. A2 086 
043. 

Although the known methods described in 
the aforementioned U.S. Patent Specification 

110 No. 4 171 391 and British Patent Specifica- 
tion No. A 2 085 043 are successful in 
alleviating solvents in Impregnating porous 
sheet materials with polyurethanes, a disad- 
vantage in these processes arises in the coag- 

115 ulation step. The coagulation in these proc- 
esses requires that the porous sheet matenal 
impregnated with polyurethane dispersion be 
contacted with an aqueous solution of e coun- 
ts rion. Thus, the impregnant must be washed 

1 20 free of the excess counterion prior to drying to 
form the composite sheet material. Further, 
these counterions can be supplied by low 
molecular weight organic acids such as acetic 
acid, which can add an objectionable odour to 

1 25 the final product and also adds expense there- 
to. Further, In these prior art processes the 
coagulation rate Is determined by the rate of 
diffusion of the coagulating agent such as 
aqueous acid. Into the saturated sheet mate- 

1 30 rial and subsequent diffusion of the products 
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of coagulation In the washing etep. In thicker 
felt products, such as 6.4 mm (0.2S inch) or 
greater, contact times as long as 30 minutes 
may be required to effect coagulation. Thus, it 

5 is desirable to reduce the time of coagulation. 
The present invention seeks to provide a 
method of preparing a composite sheet mate- 
rial which method simplifies coagulation of 
poryurethane dispersions In porous sheet rna- 

10 terials. Moreover, the present Invention seeks 
to provide an aqueous polyurothane composi- 
tion where coagulation of the polyurethane 
dispersion In the poruos sheet material Is 
simplified. 

1 5 According to one aspect of the present 
Invention there is provided an aqueous poly- 
urethane composition capable of coagulation 
by the application of heat thereto comprising: 
an aqueous anionic polyurethane dispersion 
20 having anionic groups covalently bonded to 
the polymer chain and solubillsed by the 
addition of a cationic compound which forms 
a salt with the anionic group; and a com- 
pound which, when heated in an aqueous 
26 solution, generates acid which displaces the 
cationic compound from the covalently 
bonded anionic group. 

According to another aspect of the present 
invention, there is provided a method of pre- 
30 paring composite sheet material comprising: 
impregnating at least a portion of a porous 
substrate whh a polyurethane composition as 
recited in the preceding paragraph; heating 
the impregnated substrate to generate said 
35 acid and coagulate the polyurethane disper- 
sion; and drying said impregnated substrate to 
form a composite sheet material. 

According to a further aspect of the present 
invention, there is provided a composite sheet 
40 material when prepared by the method recited 
in the preceding paragraph. 

According to yet another aspect of the pre- 
sent Invention there is provided a polyure- 
thane composition comprising an aqueous en- 
45 ionic polyurethane having anionic groups co- 
valently bonded to the polymer chain and 
solubillsed by the addition of a cationic com- 
pound which forms a salt with the anionic 
group; and a sufficient amount of borax to 
50 stabilise the pH of the polyurethane disper- 
sion. 

The polyurethanes useful in the practice of 
the present invention are those recognised in 
the art as lonialry water diapersible. These 

56 dispersions are in contrast with emulsified 
isocyanate copolymers such as thos disclosed 
in U.S. Patent Specification No. 2 968 676 
and prepared and dispersed in water with the 
aid of detergents under the action of powerful 

60 shearing forces. Emulsified polyurethanes 
have the disadvantage that a detergent must 
be uaed to form the emulsion and such deter- 
gent is usually retained In the dried emulsion 
coating, thus seriously detracting from the 

65 overall physical and chemical properties of the 



final product. Further, insufficient shearing 
force results in unstable products, and the 
material cannot usually be produced in con- 
ventional reaction kettles because of the need 
70 for a high shearing force. 

The preferred method for preparing an 
aqueous polyurethane dispersion is to prepare 
polymers that have free acid groups, prefera- 
bly carboxyiic acid groups covalently bonded 
75 to the polymer backbone. Neutralization of 
these carboxyl groups with an amine, prefera- 
bly a water soluble mono-aminem, affords 
water dilutability. Careful selection of the com- 
pound bearing the carboxyiic group must be 
80 made because isocyanates, necessary compo- 
nents in any polyurethane system, are gener- 
ally reactive with carboxyiic groups. However, 
as disclosed in U.S. Patent Specification No. 
3 412 064 2,24iydroxymethyf -substituted 
85 carboxyiic acids can be reacted with organic 
poryisocyanatea without significant reaction 
between the acid and isocyanate groups due 
to the stearic hindrance of the carboxyl by the 
adjacent alkyl groups. This approach provides 
g0 the desired carboxyl containing polymer whh 
the carboxyiic groups being neutralised with 
the tertiary mono-amlne to provide an internal 
quaternary ammonium salt and hence, water 
dilutability. 

96 Suitable carboxyiic acids and preferably 
stearically hindered carboxyiic adds, are well- 
known and readily available. For example, 
they may be prepared from an aldehyde that 
contains at leat two hydrogens In the a posi- 

100 tion which are reacted in the presence of a 
base with two equivalents of formaldehyde to 
form a 2,2-hydroxymethyl aldehyde. The al- 
dehyde is then oxidised to the acid by known 
procedures. Such acids are represented by the 

105 following structural formula: 



CHiOH 
R-C-C0OH 



110 



CH 2 < 



OH 



where R is hydrogen or an alkyl group with 
up to 20 carbon atoms end preferably up to 

116 eight carbon atoms. A preferred acid Is 2,2-di- 
(hydroxymethyl) propionic acid. The polymers 
wfth the pendent carboxyl groups are charac- 
terised as anionic polyurethane polymers. 
The polyurethanes useful in the practice of 

120 the present Invention more particularly involve 
the reaction of dl- or polyisocayanate and 
multiple, reactive hydrogen-containing com- 
pounds suitable for the preparation of polyure- 
thanes. Such dfisocyanates and reactive hy- 

125 drogen-containing compounds are more fully 
disclosed in U.S. Patent Specifications Nos. 
3 412 034 and 4 046 729. Further, the 
process for preparing such polyurethanes is 
known, for example from the aforementioned 

1 30 Patent Specifications. In accordance with the 
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present invention, aromatic, aliphatic and I cy- 
cloaJiphatic dnaocyanates or mixtures thereof 
£n be used. Such diisocyanates for example, 
are tolylena-i^ifsocyanate; tolylen^e-dl. 

5 isocyanate; metaphenylene diiaocyanate; bi- 
phenylane^,4^lbiocyanate; methylenebls 
bhenyi isocyanate); 4-chloro-1,3-phenylene dl- 
feocyanate; napthylene»1,5-dHsocyanate; tet- 
ramethylene-1,4-dnsocyanate; hexamethylene- 

10 1,6^lisocyanate; decamethytene^l JOKjiteocy- 
anate; cydohexylene-1 ^Isocyanate; methy- 
lenebls (4-cyclohexyl isocyanate); tetrahydro- 
naphthylene dilsocyanate; teophorone dilsocy- 
anate and the like. Preferably, erylene and 

1 5 cycloaliphatic diisocyanates are used most ad- 
vantageously in the practice of the present 
invention. 

Characteristically, arylene diisocyanates en- 
compass those in which the Isocayanate group 
20 is attached to an aromatic ring. The most 
preferred isocyanates are the 2,4 and 2,6 
isomers of tolylene dlisocyanate and mixtures 
thereof, due to their ready availability and 
their reactivity. Further, the cycloaliphatic d«- 
25 socyanates used most advantageously in the 
practice of the present Invention are 4,4 - 
methylenebis (cyclohexyl isocyanate) and Iso- 
phorone diisocyanata. 
Selection of the aromatic or aliphatic dilso- 
30 cyanates is predicated upon the final end use 
of the particular material. As Is well recog- 
nised by those skilled in the Brt, aromatic 
isocyanates may be used where the final prod- 
uct is not excessively exposed to ultraviolet 
35 radiation which tends to yellow such , poly- 
meric compositions; whereas aliphatic diisocy- 
anates may be more advantageously used in 
exterior applications and have less tendency 
to yellow upon exposure to ultraviolet radia- 
40 tion. Although these principles form a general 
basts for the selection of a particular isocyan- 
ate to be used, aromatic diisocyanates may be 
further stabilised by known ultraviolet stabilis- 
ers to enhance the final properties of the 
46 composite sheet material. In addition, antioxi- 
dants may be added to improve the character- 
istics of the final product Typical antioxidants 
that may be used are the thioethers and 
phenolic antioxidants such as 4,4 # -butylidene- 
50 bis-meta-cresol and 2 r 6^itert-butyl-paraoresoh 
The Isocyanate is reacted with the multiple 
reactive hydrogen-containing compounds such 
as diols, diamines, or trlols. In the case of 
diols or trlols, they are typically either polyal- 
55 xylene ether or polyester polyote. A polyalky- 
lane ether polyol is the preferred active hydro- 
gen-containing material for formulation of the 
polyurethane. The moat useful potygtycote 
have a molecular weight of 50 to 10,000 and 
60 in the context of the present invention, die 
most preferred is from about 400 to 7,000. 
Further, the polyester poryols Improve flexibil- 
ity proportionally with the Increase in their 
molecular weight. 
65 Examples of polyether polyols are, but not 



limited to, polyethylene ether glycol, polypro- 
pylene ether glycol, polytetramethylene ether 
glycol, polyhexamethylene ether glycol, poly- 
octamethylene ether glycol, polydecamethy- 
70 lene ether glycol, polydodecamethylene ether 
glycol and mixtures thereof, Polyglycols con- 
taining several different radicate in the molec- 
ular chain, such as, for example, the com- 
pound H0(CH 3 0(W>) n H where n Is en in- 
75 teger greater than one, can also be used. 
The polyol may also be a hydroxy termi- 
nated or hydroxy pendent polyester which can 
be used instead or in combination with poryal- 
kytene ether glycols. Exemplary off such poiy- 
80 esters are those formed by reacting acids, 
esters or acid halldes with glycols. Suitable 
glycols are polymethylene glycols such as 
ethylene, propylene, tetramsthylene or dacam- 
ethylene glycol; substituted methylene glycols 
85 such as 2. 2-dl methyl- 1 ,3-propane did, cyclic 
glycols such as cyclohexanediol and aramatic 
glycols. Aliphatic glycols are generally pre- 
ferred when flexibility Is desired. These glycols 
are reacted with aliphatic cydoaliphatlc or 
90 aromatic dicarboxyllc adds or lower alkyl est- 
ers or ester forming derivatives to produce 
relatively low molecular weight polymers, 
preferably having a melting point of less than 
about 70 "C end a molecular weight like those 
95 indicated for the polyalkylene ether glycols. 
Acids for preparing such polyesters are, for 
example, phthalic, malaic, sucdnic, adlplc. 
suberic, sebadc terephthaBc and hexahydro- 
phthalic acids and the alkyl and halogen sub- 
100 stituted derivatives of these acids. In addition 
porycaprolactone terminated with hydroxy! 
groups may also be used. 

One particularly useful polyurethane is the 
crosslinked polyurethane system which is 
105 more fully dlsdosed in British Specification 
No. A2 031 920. 

Th* cmionic compounds uscfu' ii« the prac- 
tice of the present invention are bases capable 
of forming satis with an anionic group cova- 
110 lently bonded to the polymer chain. The cat- 
ionic compounds are amines and preferably, 
water soluble amine such as triethyl amine, 
tripropyi Brnine, N-ethyl piperidine etc. 
if the final composite sheet naterial is to be 
1 1 5 flexible, the polyurethane polymer must be- 
have in an elastomerio manner. The desired 
elastomeric behaviour would generally re- 
quired about 25 to 80 percent by weight of a 
long chain polyol (i.e- 700 to 2,000 eq. wt) 
120 in the polymer. The degree of elongation end 
elasticity may vary widely from product to 
product depending upon the desired proper- 
ties of the final product. 

In forming poryurethanos useful In the prac- 
125 tlce of the present Invention, the polyol and a 
molar excess of dilsocyanate are reacted to 
form isocyanate terminated polymer. As will 
be appreciated reaction conditions and reac- 
tion times and temperatures are variable 
1 30 within the context of the particular isocyanate 
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and poryo! utilised. It will be recognised that 
reactivity of the ingredients Involved requires 
the balance of reaction rate with undesirable 
secondary reactions leading to colour and mo- 
5 lecular weight degradation. Typically, the re- 
action is carried out with stirring at about 
50°C to about 1 20*C for about one to four 
hours. To provide pendent carboxyl groups 
the isocyanate terminated polymer is reacted 
10 with a molar deficiency of dihydroxy acid for 
one to four hours at 50*C to 1 2<TC to form 
isocyanate terminated prepolymer. The add Is 
desirably added as a solution, for example, in 
N-methy1-1,2-pyiTolidone or N-N-dimethylfdr- 
1 8 mamide. The solvent for the acid will typically 
be no more than about 5% by weight of the 
total charge in order to minimize the organic 
solvent concenration In the polyurethane com- 
position. After the dihydroxy acid Is reacted 
20 into the polymer chain, the pendent carboxyl 
groups are neutralised with an amine at about 
58°C to 75 B C for about twenty minutes and 
chain extension and dispersion are accom- 
plished by addition to water with stirring. A 
25 water soluble diamine may be added to the 
water as an additional chain extender. The 
chain extension involves the reaction of the 
remaining isocyanate groups with water to 
form urea groups and further polymerize the 
30 polymeric material with the result that all the 
isocyanate groups are reacted by virtue of the 
addition to a large stoichiometric excess of 
water. It is to be noted that the polyurethane 
compositions of the present Invention are ther- 
36 moplastic In nature, i.e. not capable of exten- 
sive further curing after formation except by 
the addition of an external curing agent. Pref- 
erably, no such curing agent is added to form 
the composite sheet material. 
40 Sufficient water is used to disperse the 
polyurethane at a concentration of 5 to 50 
percent by weight, preferably 6 to 40 percent 
by weight and more preferably 10 to 40 
percent by weight and a dispersion viscosity 
45 in the range of 10 to 6,000 centipoise and 
peferabry 10 to 1000 centipoise. Viscosity 
may be adjusted in accordance with the parti- 
cular Impregnation properties desired and by 
the particular polyurethane dispersion which 
50 are all dictated by the characteristics of the 
final product. It should be noted that no 
emulsitiers or thickeners are required for the 
stability of polyurethane dispersions. 
It will be appreciated that the polyurethane 
65 dispersions may be modified according to end 
product uses, for example, by the addition of 
colouring agents, compatible vinyl polymer 
dispersions, ultraviolet filtering compounds, 
stabilisers against oxidation, and by blending 
60 polyurethane dispersions of different composi- 
tions. 

The characterisation of the polyurethane 
dispersions prepared in accordance with the 
present invention is done by measurements of 
65 nonvolatile content particle size, viscosity 
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measurements and by stress strain properties 
on strips of cast film. 

The concentration range useful in the prac- 
tice of die present Invention is governed by 
70 the desirable percent add on of polymer into 
the porous sheet material. 

Whilst the viscosity is generally in the range 
from 10 to 1000 centipoise low viscosity, 
relative to that of identical polymers at the 
76 same solids level in organic solvent polymer 
solutions, assists rapid and complete penetra- 
tion of the aqueous dispersion. Useful potyu- 
rethanes will, in contrast, generally have vis- 
cosities of several thousand centipoise ranging 
80 as high as 60,000 centipoise at concentra- 
tions of 20 to 30%. 

Particle size, as a useful measure of stabil- 
ity, may be measurd by light scattering. Use- 
ful polyurethane dispersions having non-set- 
86 tllng characteristics will have particles of a 
diameter of less than 1 micron. 

Porous substrates useful In the practice of 
the present invention include woven and knit 
fabrics, felts, and nonwovens, such as spun- 
90 bonded sheets, needled batts, and water- 
leaves. Suitable substrate fibres are natural 
fibres, particularly cotton (all-cotton and cot- 
ton blends with synthetics such as polyester 
and nylon), and less desirably wool synthetic 
95 fibres such as polyester, nylon, acrylics, mo- 
dacryllcs and rayons. The fibres may be 
straight or crimped, continuous filament or 
staple, or of papermaking length. Naturally, 
choice of fibre, type of substrate and its 
100 construction, and weight/unit area will be 
made on the basis of coast, end-use require- 
ments, and other considerations commonly 
recognised In the textile and coated fabric 
industries, but only contingent on the particu- 
105 lar end use for the composite. 

In a method according to the present inven- 
tion the substrate may be impregnated with 
polyurethane polymer from about 6% to 
about 80% of the total composite weight, 
110 preferably in the range of 1 6 to B0%. Thus, 
the properties of the substrate will strongly 
affect the properties of the composite sheet 
material. Property measurements pertinent to 
shoe and upholstery uses on the finished 
115 sheets Include tensile strength, tear strength, 
and bias elongation. 

Because the substrate ia porous, the aque- 
ous polyurethane composition permeates the 
pores of the substrate at a rate controlled by 
1 20 the viscosity of the aqueous polyurethane 
composition and the hydrophiltc characteris- 
tics of the particular substrate used. Thus, any 
of the methods used in the coated fabric 
industry as previously discussed are suitable 
1 25 for impregnating the substrate. 

Polyurethane compositions according to the 
present invention are prepared by admixing 
the aqueous polyurethane dispersion with a 
compound which, when heated In an aqueous 
1 30 solution, generates add which displaces the 
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cattonic compound from the covalently 
bonded anionic group. 

The compounds which, when heated gen- 
erate acid era preferably salts of hydrofluoro- 
5 silicic acid. Exemplary of such salts are, but 
not limited to. lithium sllicofluoride; sodium 
sllicofluoride; potassium siHcofluoride; ; am- 
monium sflicofluoride; rubidium sllicofluoride; 
caesium sflicofluoride; magnesium sihcofluo- 
10 ride* calcium sllicofluoride; barium slttcofluo- 
ride' cupric siHcofluoride end manganous slli- 
cofluoride. Preferably, either potassium slli- 
cofluoride or sodium sllicofluoride Is used, the 
latter being preferred. 
15 In a preferred method of preparing the 
pofyurethane compositions according to the 
present Invention sodium orpotassRjrn slli- 
cofluoride salt is masterbatched with 0.02 to 
0 2 N aqueous alkeli metal hydroxide (either 
20 sodium or potassium hydroxide corresponding 
to the respective siHcofluoride) and a disper- 
sion stabiliser such as, for example, clay/ To 
assist the dissolution of the sodium ailicofluo- 
ride, ft is ball milled to about 400 mesh with 
25 the aqueous alkali metal hydroxide. The poly- 
urethane dispersion Is buffered to stabilise the 
pH thereof to insure stability of the dispersion 
at room temperature subsequent to the addi- 
tion of sllicofluoride. Borax has been found to 
30 be an effective buffer in this regard and 
stabilises the dispersion at a pH of about 8.5 
in the range of .1 to .2 molar based upon the 
aqueous polyurethane composition. It is desir- 
able that the pH dispersion be controBed at 
35 about 7 to 9. After the polyurethane disper- 
sion is stabilised with the buffer, a portion of 
the sllicofluoride masterbatch le added in an 
amount sufficient to provide a stoichiometric 
excess of siHcofluoride anion which causes 
40 displacement of the catlonic compound from 
the covalently bonded anionic group. 

The porous substrate is then impregnated 
with the aqueous polyuerethane jfornposition 
at room temperature (i.e. about . 20 >C). «- 
45 though decomposition of the sllicofluoride in 
the aqueous polyurethane composition occurs 
at 20'C, long term stability, U. weeks, can 
be achieved by controlling pH and ionio spe- 
cies In the aqueous polurethane composition. 
50 Methods of effecting stabilisation are known 
to those skilled In the art of using aqueous 
siHcofluoride systems. Some of these^ems 
are more fully disclosed in Fluorine Oiemlstry, 
j. H. Simons, pages 126-182, Academic 
55 Press 1950; and Chemical & ^pff^9 
News, Vol. 27, 2420 CA, Hampel (1949). 
Subsequent to impregnation the Impregnated 
substrate is heated to greater than 40 C. and 
preferably greater than 65*C. which causes 
60 the generation of sllicofluoride anion which 
causes displacement of the cation from the 
bonded anionic group effecting coagulation of 
the polyurethane from the dispersion into the 
porous substrate. The coagulation Is instanta- 
65 neous and is dependent on the heat transfer 



through the impregnated substrate. The heat- 
ing can be conducted by contacting the im- 
pregnated substrate with water which is 
heated to the desired temperature, by heating 
70 the impregnated substrate In an oven, or by 
treating the Impregnated substrate with mi- 
crowaves to raise the temperature thereof. 
When the impregnated substrate is contacted 
with heated water, the water may contain a 
75 minor amount (less than 1%) of a non-volatile 
mineral acid such as sulphurlo and/or phos- 
phoric acid to Immediately coagulate the sur- 
face of the impregnated substrate to eliminate 
any loss of polymer. One additional advantage 
80 of using heated water is that It also provides a 
necessary washing step in the process. 

After coagulation, the Impregnated sub- 
strate is squeezed to remove water and 
washed again with water if desired. The inv 
85 pregnated substrate is then dried to form the 
composite sheet material. 

The following example is illustrative of the 
present invention. 

90 EXAMPLE IB . _ 

50 parts by weight of sodium sllicofluoride 
were ball milled with SO parts by weight of 
0.1 H NaOH and 1% bentonrte day to about 
400 mesh to form a sodium siHcofluoride 
95 dispersion. _ . 

100 parts by weight of the aqueous anionic 
polyurethane dispersion prepared in accor- 
dance with Example 3 of British Specification 
No. A2 031 920 at 22% total solids was 
1 00 admixed with borax to provide a stabilised 
dispersion of 0.02 molar Na 3 B 4 0 7 . 10H a O at 
a pH of 8,5. 3.6 parts by weight of the 
sllicofluoride dispersions masterbatch was 
added to the stabilised dispersion to provide a 
105 threefold stoichiometric excess of siHcofluoride 
based upon the anionic groups covalently 
bonded to the polymer chain. The above 
polyurethane composition was prepared at 
room temperature and was stable at room 
1 1 0 temperature for 72 hours prior to use. 

A needled batt which was heat set and had 
a density of 1 200 g/m a composed of polyes- 
ter, polypropylene and rayon fibres and a 
thickness of 7.8 mm (0.3 inch) with a bulk 
1 15 density of 0.16 g/cm 3 was immersed In the 
above pofyurethane composition. Because the 
polymeric dispersion had a 22% total solids 
content it provided an add on of 1 20% 
polyurethane based upon the weight of the 
120 batt. The ban, on a continuous basis, was 
immersed in the polyurethane composition at 
room temperature until all of the air was 
expelled from within the batt and the batt was 
fully impregnated. The surface of the batt was 
125 wiped with a straight edge on both sides to 
remove excess polyurethane composition. The 
impregnated batt was, on a continuous basis, 
immersed in a water bath at 70'C for one 
minute. The water bath had 0.6% HjP0 4 . 
1 30 Immersion In the water bath completely coag- 
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ulated the polyurethane within the fibre struc- 
ture. The impregnated faatt was squeezed be- 
tween nip rolls to eliminate water, washed 
with clear water and squeezed again. The 
5 impregnated batt was split into four slices 
through its thickness and each slice was dried 
at 149*C to 177'C (300T to 350'fl In a 
circulating air oven to form four resin impreg- 
nated webs having a bulk density of 0.41 
10 g/cc. The composite sheet material produced 
in accordance with this Example was compa- 
rable to that produced in accordance with 
Example I of British Specification No. 
A2 085 04^. 
15 An aqueous polyurethane composition ac- 
cording to the present Invention may result in 
a substantial reduction in coagulation time by 
ualng the high diffusion rate of heat through 
the impregnated substrate to coagulate the 
20 polyurethane composition. 

CLAIMS 

1 . An aqueous polyurethane composition 
capable of coagulation by the application of 

25 heat thereto comprising: an aqueous anionic 
polyurethane dispersion having anionic groups 
covalently bonded to the polymer chain and 
solubtlised by the addition of a cationic com- 
pound which forms a salt with the anionic 

30 group; and a compound which, when heated 
in an aqueous solution, generates acid which 
displaces thB cationic compound from the 
covalently bonded anionic group. 

2. A polyurethane composition as claimed 
35 In claim 1 In which said polyurethane disper- 
sion has a solids content of 5 to 50 percent 
by weight. 

3. A polyurethane composition as claimed 
in claim 2 in which said polyurethane disper- 

40 sion has a solids content of 10 to 40 percent 
by weight. 

4. A polyurethane composition as claimed 
in any preceding claim in which said polyure- 
thane dispersion has a viscosity of 10 to 

46 5,000 centipoise. 

5. A polyurethane composition as claimed 
In claim 4 in which said polyurethane disper- 
sion has a viscosity of 10 to 1 000 centipoise. 

6. A polyurethane composition as claimed 
60 in any preceding claim In which said polyure- 
thane dispersion is a crosslinkod polyurethane 
dispersion. 

7. A polyurethane composition as claimed 
in any preceding claim In which the com- 

55 pound which when heated. In an aqueous 
solution, generates acid is a salt of hydrofluo- 
rosilicic acid. 

8. A polyurethane composition as claimed 
in claim 7 in which said salt of hydrofluorosili* 

60 do acid is sodium silicofluoride or potassium 
sflicofiuorfde. 

9. A polyurethane composition as claimed 
in any preceding claim in which said com- 
pound which, when heated in an aqueous 

65 solution, generates acid is present at a level 



wherein there is a stoichiometric excess of 
acid based upon the anionic covalently 
bonded groups. 

V0. A polyurethane composition as 
70 claimed in any preceding claim including a 
buffer to maintain the pH of said polyurethane 
dispersion at 7 to 9. 

11. A polyurethane composition as 
claimed in claim 10 in which said buffer 

75 maintains the pH of said polyurethane disper- 
sion at about 8.5. 

12. A polyurethane composition as 
claimed in claim 10 or 1 1 In which said 
buffer Is borax. 

80 13. A polyurethane composition as 
claimed in any preceding claim Including an 
alkali hydroxide. 

14. A polyurelhane composition as 
claimed in claim 1 and substantially as herein 

85 described. 

1 5. A method of preparing composite 
sheet material comprising: impregnating at 
least a portion of a porous substrate with a 
polyurethane composition as claimed in any 

90 preceding claim; heating the impregnated 
substrate to generate said acid and coagulate 
the polyurethane dispersion; and drying said 
impregnated substrate to form a composite 
sheet material. 

95 16. A method as claimed in claim 1 5 in 
which said composite sheet material is com- 
prised of 5 to 80 percent by weight polyure- 
thane polymer. 

1 7. A method as claimed in claim 1 5 or 
100 16 in which the substrate is a woven fabric, a 

non-woven fabric, a needled batt, a spun- 
bonded sheet or a waterieave. 

18. A method as claimed in any of claims 
1 5 to 1 7 in which the impregnated substrate 

105 is heated to a temperature greater than 40'C 
to coagulate the polyurethane dispersion. 

1 9. A method as claimed in claim 18 in 
which said impregnated substrate is heated to 
a temperature greater than 65*C to coagulate 

110 the polyurethane dispersion. 

20. A method as claimed in any of claims 
1 5 to 20 in which said impregnated substrate 
is heated by contact with water. 

21 . A method as claimed in claim 20 In 

1 1 5 which said water contains a minor amount of 
non-volatile mineral acid. 

22. A polyurethane composition compris- 
ing en aqueous anionic polyurethane having 
anionic groups covalently bonded to the po- 

120 lymer chain and sotublllsed by the addition of 
a cationic compound which forms a salt with 
the anionic group; and a sufficient amount of 
borax to stabilise the pH of the polyurethane 
dispersion. 

1 25 23. A method of preparing composite 
sheet material substantially as herein de- 
scribed with reference to the Example. 

24. A composite sheet material when pre- 
pared by the method claimed In any of dalms 

130 15 to 23. 
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